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(57) ABSTRACT 

The aqueous dispersion adhesive composition contains an 
aqueous dispersion copolymer obtained by reacting of a reac 
tion component containing alkyl (meth)acrylate whose linear 
or branched alkyl group has 4 to 18 carbon atoms, (meth) 
acrylic acid, a phosphoric acid group-containing vinyl mono 
mer and an alkoxysilyl group-containing vinyl monomer to 
react; and a crosslinking agent having reactivity with a car 
boxyl group. In the aqueous dispersion adhesive composi 
tion, an amount of the crosslinking agent is from 0.07 to 4 
parts by weight per 100 parts by weight of the aqueous dis 
persion copolymer, and in an adhesive layer made of the 
aqueous dispersion adhesive composition, an elongation at 
90° C. is 200% or less. 

7 Claims, 1 Drawing Sheet 
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AQUEOUS DISPERSION ADHESIVE 
COMPOSITION AND ADHESIVE FILM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application claims priority from Japanese 
Patent Application No. 2007-121702 filed on May. 2, 2007, 
Japanese Patent Application No. 2007-163931 filed on Jun. 
21, 2007 and also claims priority from Japanese Patent Appli 
cation No. 2008-101755 filed on Apr. 9, 2008, the content of 
each of which is hereby incorporated by reference in their 
entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an aqueous dispersion 

adhesive composition and an adhesive film. 
2. Description of Related Art 
Heretofore, optical films such as polarizing film, phase 

difference film, luminance improving film and view-angle 
expansion film have been used in various industrial applica 
tions and, for example, these optical films are used for Stick 
ing onto image display devices such as liquid crystal display, 
organic electroluminescence device (organic EL display 
device) and plasma display panel (PDP). 
As the optical film, an adhesive optical film including an 

optical film laminated with an adhesive is known. 
In recent years, from the viewpoint of environmental bur 

den, it is desirable to reduce the use of organic solvents, and 
shifting from solvent adhesives using an organic solvent as a 
Solvent to aqueous dispersion adhesive using water as a dis 
persion medium is desired. 
AS Such the aqueous dispersion adhesive, for example, 

there has been proposed a pressure-sensitive adhesive com 
position having an emulsion of a copolymer in which 2-eth 
ylhexyl methacrylate is copolymerized in an amount of 10 to 
50% by weight of the whole copolymer, the copolymer hav 
ing a glass transition temperature of -25° C. or less (cf. for 
example, Japanese Unexamined Patent Publication No. 
2001-254063). 

SUMMARY OF THE INVENTION 

Conventional aqueous dispersion adhesives including 
those disclosed in the above-mentioned Japanese Unexam 
ined Patent Publication No. 2001-254063 show particularly 
low adhesion to a hydrophilic adherend Such as glass, and it 
has therefore difficulty to firmly stick to a glass substrate used 
for an image display device, although adhesion to a hydro 
phobic adherend Such as polyolefin is improved. 

With respect to an aqueous dispersion adhesive to be lami 
nated on an optical film, excellent heat resistance and mois 
ture resistance, which do not cause deterioration of adhesion 
due to severe heating and humidifying, are required. 
The aqueous dispersion adhesive mentioned above, how 

ever, has a problem such that air bubbles and distortions occur 
due to severe heating and humidifying, resulting in deterio 
ration of optical characteristics. 
An object of the present invention is to provide an aqueous 

dispersion adhesive composition which shows excellent 
adhesion with a substrate and has excellent heat resistance 
and moisture resistance, and a pressure-sensitive adhesive 
film including an adhesive layer made of the aqueous disper 
sion adhesive composition. 
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2 
The aqueous dispersion adhesive composition of the 

present invention comprises an aqueous dispersion copoly 
mer obtained by reacting of a reaction component comprising 
alkyl (meth)acrylate whose linear or branched alkyl group has 
4 to 18 carbon atoms, (meth)acrylic acid, a phosphoric acid 
group-containing vinyl monomer and an alkoxysilyl group 
containing vinyl monomer; and a crosslinking agent having 
reactivity with a carboxyl group, wherein an amount of the 
crosslinking agent is from 0.07 to 4 parts by weight per 100 
parts by weight of the aqueous dispersion copolymer, and in 
an adhesive layer made of an elongation at 90° C. resulted 
from the following test of the aqueous dispersion adhesive 
composition is 200% or less. 

Test: An aqueous dispersion adhesive composition is 
heated to prepare an adhesive layer, and the adhesive layer 
thus prepared is formed into a cylindrical column shape hav 
ing a cross section of 4.6 mm and a length of 30 mm to 
prepare a test piece. Subsequently, the test piece is allowed to 
stand at 90° C. for 1 hour, and thereafter, an initial length Lo 
of the test piece is measured. Then, the test piece with one end 
fixed and the other end attached a 12 g-weight, is hung down 
vertically at 90° C. for 2 hours. A length L (mm) of the test 
piece after the 2-hour hanging is measured, and the elonga 
tion is calculated by the following equation: 

Elongation (%)=(L1-Lo), Lox100 

Further, in the aqueous dispersion adhesive composition of 
the present invention, it is preferable that the crosslinking 
agent is a compound having a carbodiimide group. 

Further, in the aqueous dispersion adhesive composition of 
the present invention, it is preferable that the crosslinking 
agent is an oxazoline group-containing crosslinking agent 
and the amount of the crosslinking agent is from 0.07 to 1.5 
parts by weight per 100 parts by weight of the aqueous dis 
persion copolymer. 

Further, in the aqueous dispersion adhesive composition of 
the present invention, it is preferable that the aqueous disper 
sion adhesive composition has a gel fraction of from 80 to 
95% by weight when being immersed in ethyl acetate. 

Further, the adhesive film of the present invention com 
prises an adhesive layer made of an aqueous dispersion adhe 
sive composition, the aqueous dispersion adhesive composi 
tion comprising an aqueous dispersion copolymer obtained 
by reacting of a reaction component comprising alkyl (meth) 
acrylate whose linear or branched alkyl group has 4 to 18 
carbon atoms, (meth)acrylic acid, a phosphoric acid group 
containing vinyl monomer and an alkoxysilyl group-contain 
ing vinyl monomer and a crosslinking agent having reactivity 
with a carboxyl group, wherein an amount of the crosslinking 
agent is from 0.07 to 4 parts by weight per 100 parts by weight 
of the aqueous dispersion copolymer, and an elongation at 
90° C. based on the following test of the adhesive layer is 
200% or less. 

Test: An aqueous dispersion adhesive composition is 
heated to prepare an adhesive layer, and the adhesive layer 
thus prepared is formed into a cylindrical column shape hav 
ing a cross section of 4.6 mm and a length of 30 mm to 
prepare a test piece. Subsequently, the test piece is allowed to 
stand at 90° C. for 1 hour, and thereafter, an initial length Lo 
of the test piece is measured. Then, the test piece with one end 
fixed and the other end attached a 12 g-weight, is hung down 
vertically at 90° C. for 2 hours. A length L (mm) of the test 
piece after the 2-hour hanging is measured, and the elonga 
tion is calculated by the following equation: 

Elongation (%)=(L1-Lo), Lo-100 
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Further, the adhesive film of the present invention, it is 
preferable that the crosslinking agent is a compound having a 
carbodiimide group. 

Further, the adhesive film of the present invention, it is 
preferable that the crosslinking agent is an oxazoline group 
containing crosslinking agent, and the amount of the 
crosslinking agent is from 0.07 to 1.5 parts by weight per 100 
parts by weight of the aqueous dispersion copolymer. 
The aqueous dispersion adhesive composition of the 

present invention and the adhesive film comprising an adhe 
sive layer made of the aqueous dispersion adhesive compo 
sition show excellent adhesion with a substrate, thereby 
achieving firm adhesion. Further, since the aqueous disper 
sion adhesive composition and the adhesive film have excel 
lent heat resistance and moisture resistance, excellent dura 
bility can be obtained under a high temperature and high 
humidity atmosphere. 

In particular, the aqueous dispersion adhesive composition 
of the present invention, and the adhesive film comprising an 
adhesive layer made of the aqueous dispersion adhesive com 
position can effectively prevent the occurrence of air bubbles 
and distortions at high temperature and high humidity. Thus, 
the deterioration of optical characteristics can be prevented 
effectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an enlarged sectional view of an adhesive optical 
film showing an embodiment of an adhesive film according to 
the present invention; and 

FIG. 2 is an enlarged sectional view of an adhesive optical 
film showing another embodiment of an adhesive film 
according to the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The aqueous dispersion adhesive composition of the 
present invention contains an aqueous dispersion copolymer 
and a crosslinking agent. 
The aqueous dispersion copolymer is obtained by allowing 

a reaction component containing an alkyl (meth)acrylate, 
(meth)acrylic acid, a phosphoric acid group-containing vinyl 
monomer and an alkoxysilyl group-containing vinyl mono 
mer to react. 

The alkyl (meth)acrylate is an alkyl (meth)acrylate (an 
alkyl methacrylate and/or an alkyl acrylate) whose linear or 
branched alkyl group has 4 to 18 carbonatoms, and examples 
thereof includebutyl (meth)acrylate, isobutyl (meth)acrylate, 
sec-butyl (meth)acrylate, t-butyl (meth)acrylate, pentyl 
(meth)acrylate, neopentyl (meth)acrylate, isoamyl (meth) 
acrylate, hexyl (meth)acrylate, heptyl (meth)acrylate, octyl 
(meth)acrylate, 2-ethylhexyl (meth)acrylate, isooctyl (meth) 
acrylate, nonyl (meth)acrylate, isononyl (meth)acrylate, 
decyl (meth)acrylate, isodecyl (meth)acrylate, undecyl 
(meth)acrylate, dodecyl (meth)acrylate, tridecyl (meth)acry 
late, tetradecyl (meth)acrylate, pentadecyl (meth)acrylate, 
hexadecyl (meth)acrylate, heptadecyl (meth)acrylate and 
octadecyl (meth)acrylate. Of these alkyl (meth)acrylates, 
butyl acrylate is preferable. These alkyl (meth)acrylates can 
be used alone or in combination. 

The amount of the alkyl (meth)acrylate is, for example, 
from 60 to 99 parts by weight, preferably from 80 to 99 parts 
by weight, more preferably from 80 to 98 parts by weight, per 
100 parts by weight of the reaction component. 
Examples of the (meth)acrylic acid include methacrylic 

acid and acrylic acid. 
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4 
The (meth)acrylic acid can be used alone or in combina 

tion. The amount of the (meth)acrylic acid is, for example, 
from 0.5 to 15 parts by weight, preferably from 0.5 to 10 parts 
by weight, more preferably from 1 to 10 parts by weight, per 
100 parts by weight of the reaction component. When the 
amount is less than the above range, cohesive force of the 
aqueous dispersion adhesive composition may decrease. On 
the other hand, when the amount is more than the above range, 
stability upon emulsion polymerization and water resistance 
of the aqueous dispersion adhesive composition may deterio 
rate. 
The phosphoric acid group-containing vinyl monomer is, 

for example, a polyalkylene oxide (meth)acrylate phosphate 
ester represented by the following general formula (1): 

(1) 

in the general formula (1), R' represents a hydrogen atom or 
a methyl group, R represents a polyoxyalkylene group, and 
X represents a phosphoric acid group or a salt thereof. 
The polyoxyalkylene group represented by R is repre 

sented by the following general formula (2): 

(2) 
--O-C.H.) 

in the general formula (2), n represents an integer of 1 to 4. 
and m represents an integer of 2 or more. 

Examples thereof include polyoxyethylene group (in the 
general formula (2), n=2), polyoxypropylene group (in the 
general formula (2), n=3) and a random, block, or graft unit 
thereof. The polymerization degree of these oxyalkylene 
groups, namely m in the general formula (2), is preferably 4 or 
more, and usually 40 or less. 
When the polymerization degree of the oxyalkylene group 

is higher, mobility of a side chain having a phosphoric acid 
group increases, and interaction with glass rapidly proceeds, 
whereby adhesion of the aqueous dispersion adhesive com 
position to a glass Substrate is improved. 
The phosphoric acid group or a salt thereof represented by 

X is represented by the following general formula (3): 

(3) 
O 

-O-P-OM 

OM2 

in the general formula (3), M and Meach independently 
represents a hydrogen atom or a cation. 
The cation is not particularly limited, and examples thereof 

include inorganic cations of alkali metals such as Sodium and 
potassium, and alkaline earth metals such as calcium and 
magnesium; and organic cations of quaternary amines. 
As the phosphoric acid group-containing vinyl monomer, 

commercially available products can be used, and examples 
thereof include monopoly(ethylene oxide)methacrylate 
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phosphate esters such as Sipomer PAM-100 (manufactured 
by Rhodia Nicca, Ltd.), Phosmer PE (manufactured by Uni 
Chemical Co., Ltd.), Phosmer PEH (manufactured by Uni 
Chemical Co., Ltd.) and Phosmer PEDM (manufactured by 
Uni-Chemical Co., Ltd.); and monopoly(propylene oxide) 5 
methacrylate phosphate esters such as Sipomer PAM-200 
(manufactured by Rhodia Nicca, Ltd.), Phosmer PP (manu 
factured by Uni-Chemical Co., Ltd.), Phosmer PPH (manu 
factured by Uni-Chemical Co., Ltd.) and Phosmer PPDM 
(manufactured by Uni-Chemical Co., Ltd.). 10 

These phosphoric acid group-containing vinyl monomers 
can be used alone or in combination. 
The phosphoric acid group concentration of the phosphoric 

acid group-containing vinyl monomer in the reaction compo 
nent is, for example, from 0.01 to 0.45 mmol/g, preferably 15 
from 0.02 to 0.20 mmol/g. To adjust the phosphoric acid 
group concentration of the phosphoric acid group-containing 
vinyl monomer within the above range, the amount of the 
phosphoric acid group-containing vinyl monomer is set from 
0.5 to 20 parts by weight, preferably from 0.5 to 10 parts by 20 
weight, more preferably from 1 to 5 parts by weight, per 100 
parts by weight of the reaction component, although it varies 
depending on the molecular weight of the phosphoric acid 
group-containing vinyl monomer. 
When the phosphoric acid group concentration and the 25 

amount are less than the above ranges, the effect of improving 
adhesion to a glass substrate may not be fully achieved. When 
the phosphoric acid group concentration and the amount are 
more than the above ranges, the stability upon emulsion poly 
merization and the water resistance of the aqueous dispersion 30 
adhesive composition may deteriorate, and further adhesion 
may also be deteriorated due to increased elastic modulus of 
the aqueous dispersion adhesive composition. 

Examples of the alkoxysilyl group-containing vinyl mono 
mer include silicone (meth)acrylate monomer and silicone 35 
vinyl monomer. 

Examples of the silicone (meth)acrylate monomer include 
(meth)acryloyloxyalkyl-trialkoxysilanes such as (meth)acry 
loyloxymethyl-trimethoxysilane, (meth)acryloyloxymethyl 
triethoxysilane, 2-(meth)acryloyloxyethyl-trimethoxysilane, 40 
2-(meth)acryloyloxyethyl-triethoxysilane, 3-(meth)acryloy 
loxypropyl-trimethoxysilane, 3-(meth)acryloyloxypropyl 
triethoxysilane, 3-(meth)acryloyloxypropyl-tripropoxysi 
lane, 3-(meth)acryloyloxypropyl-triisopropoxysilane and 
3-(meth)acryloyloxypropyl-tributoxysilane; (meth)acryloy- 45 
loxyalkyl-alkyldialkoxysilane Such as (meth)acryloyloxym 
ethyl-methyldimethoxysilane, (meth)acryloyloxymethyl 
methyldiethoxysilane, 2-(meth)acryloyloxyethyl 
methyldimethoxysilane, 2-(meth)acryloyloxyethyl 
methyldiethoxysilane, 3-(meth)acryloyloxypropyl- 50 
methyldimethoxysilane, 3-(meth)acryloyloxypropyl 
methyldiethoxysilane, 3-(meth)acryloyloxypropyl 
methyldipropoxysilane, 3-(meth)acryloyloxypropyl 
methyldiisopropoxysilane, 3-(meth)acryloyloxypropyl 
methyldibutoxysilane, 3-(meth)acryloyloxypropyl- 55 
ethyldimethoxysilane, 3-(meth)acryloyloxypropyl 
ethyldiethoxysilane, 3-(meth)acryloyloxypropyl 
ethyldipropoxysilane, 3-(meth)acryloyloxypropyl 
ethyldiisopropoxysilane, 3-(meth)acryloyloxypropyl 
ethyldibutoxysilane, 3-(meth)acryloyloxypropyl- 60 
propyldimethoxysilane and 3-(meth)acryloyloxypropyl 
propyldiethoxysilane; and (meth)acryloyloxyalkyl-dialkyl 
(mono)alkoxysilanes corresponding to these monomers. 

Examples of the silicone vinyl monomer include vinyltri 
alkoxysilanes such as vinyltrimetoxysilane, vinyltriethoxysi- 65 
lane, vinyltripropoxysilane, vinyltriisopropoxysilane and 
vinyltributoxysilane, and vinylalkyldialkoxysilane and vinyl 

6 
dialkylalkoxysilane corresponding to these monomers; viny 
lalkyltrialkoxysilane Such as vinylmethyltrimetoxysilane, 
vinylmethyltriethoxysilane, B-vinylethyltrimethoxysilane, 
B-vinylethyltriethoxysilane, Y-vinylpropyltrimethoxysilane, 
Y-vinylpropyltriethoxysilane, Y-vinylpropyltripropoxysilane, 
Y-vinylpropyltriisopropoxysilane and Y-vinylpropyltributox 
ysilane, and (vinylalkyl)alkyldialkoxysilane and (vinylalkyl) 
dialkyl(mono)alkoxysilane corresponding to these mono 
CS. 

Of these alkoxysilyl group-containing vinyl monomers, 
silicone (meth)acrylate monomer is preferable, or 3-meth 
acryloyloxypropyl-trimethoxysilane is more preferable. 

These alkoxysilyl group-containing vinyl monomers can 
be used alone or in combination. 
The amount of the alkoxysilyl group-containing vinyl 

monomer is, for example, from 0.001 to 1 part by weight, 
preferably from 0.01 to 0.1 parts by weight, per 100 parts by 
weight of the reaction component. When the amount is less 
than the above range, a cohesive force of the aqueous disper 
sion adhesive composition decreases and adhesion between 
the aqueous dispersion adhesive composition and the glass 
Substrate cannot be improved because of poor crosslinking 
due to the alkoxysilyl group. When the amount is more than 
the above range, stability upon emulsion polymerization and 
adhesion may deteriorate. 
The reaction component can further contain a copolymer 

izable vinyl monomer which is copolymerizable with the 
alkyl (meth)acrylate. 

Examples of the copolymerizable vinyl monomer include 
(meth)acrylic acid alicyclic hydrocarbons whose alicyclic 
hydrocarbon group has 6 or more carbonatoms such as cyclo 
hexyl (meth)acrylate, bornyl (meth)acrylate, isobornyl 
(meth)acrylate; aromatic vinyl monomers such as styrene; 
alkyl (meth)acrylates whose linear or branched alkyl group 
has 1 to 3 carbon atoms such as methyl (meth)acrylate, ethyl 
(meth)acrylate, propyl (meth)acrylate and isopropyl (meth) 
acrylate: aryl (meth)acrylates such as phenyl (meth)acrylate; 
alkoxy group-containing unsaturated monomers such as 
methoxyethyl (meth)acrylate and ethoxyethyl (meth)acry 
late; olefin-based monomers such as ethylene, propylene, 
isoprene, butadiene and isobutylene; vinyl ether-based mono 
merS Such as vinyl ether, halogen atom-containing unsatur 
ated monomers such as vinyl chloride; vinyl group-contain 
ing heterocyclic compounds Such as N-Vinyl pyrrolidone, 
N-(1-methylvinyl)pyrrolidone, N-vinylpyridine, N-vinyl 
piperidone, N-vinylpyrimidine, N-vinylpiperazine, N-vi 
nylpyrazine, N-vinylpyrrole, N-vinylimidazole, N-vinylox 
azole, N-vinylmorpholine and tetrahydrofurfuryl (meth) 
acrylate; and acrylate-based monomers containing a halogen 
atom Such as fluorine atom, Such as fluorine (meth)acrylate. 

Examples of the copolymerizable vinyl monomer include 
functional group-containing vinyl monomer containing a 
functional group. 

Examples of the functional group-containing vinyl mono 
mer include carboxyl group-containing vinyl monomers, for 
example, unsaturated carboxylic acids such as fumaric acid, 
maleic acid, itaconic acid, crotonic acid and cinnamic acid, 
and unsaturated dicarboxylic acid anhydrides (except (meth) 
acrylic acid) such as itaconic anhydride, maleic anhydride 
and fumaric anhydride; vinyl carboxylate esters such as vinyl 
acetate and vinyl propionate; hydroxyl group-containing 
vinyl monomers such as 2-hydroxyethyl acrylate, 2-hydrox 
ypropyl acrylate and 2-hydroxybutyl acrylate; amide group 
containing unsaturated monomers such as (meth)acrylamide, 
N,N-dimethyl (meth)acrylamide, N,N-diethyl (meth)acryla 
mide, N-isopropyl (meth)acrylamide, N-butyl (meth)acryla 
mide, N-methoxymethyl (meth)acrylamide, N-methylol 
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(meth)acrylamide, N-methylolpropane (meth)acrylamide 
and N-vinylcarboxylic acid amide; glycidyl group-contain 
ing unsaturated monomers such as glycidyl (meth)acrylate 
and methylglycidyl (meth)acrylate; cyano group-containing 
unsaturated monomers such as acrylonitrile and methacry 
lonitrile; isocyanate group-containing unsaturated monomers 
Such as 2-methacryloiloxyethyl isocyanate, Sulfonic acid 
group-containing unsaturated monomers such as styrene 
Sulfonic acid, allylsulfonic acid, 2-(meth)acrylamide-2-me 
thylpropanesulfonic acid, (meth)acrylamidepropanesulfonic 
acid, Sulfopropyl (meth)acrylate and (meth)acryloylox 
ynaphthalenesulfonic acid; maleimide-based monomers such 
as N-cyclohexylmaleimide, N-isopropylmaleimide, N-lau 
rylmaleimide and N-phenylmaleimide; itaconimide-based 
monomers such as N-methylitaconimide, N-ethylitaconim 
ide, N-butylitaconimide, N-octylitaconimide, N-2-ethyl 
hexylitaconimide, N-cyclohexylitaconimide and N-laurylita 
conimide; Succinimide-based monomers such as N-(meth) 
acryloyloxymethylenesuccinimide, N-(meth)acryloyl-6- 
oxyhexamethylenesuccinimide and N-(meth)acryloyl-8- 
oxyoctamethylenesuccinimide; and glycol-based acryl ester 
monomers such as (meth)acrylic acid polyethylene glycol, 
(meth)acrylic acid polypropylene glycol, (meth)acrylic acid 
methoxyethylene glycol and (meth)acrylic acid methoxy 
polypropylene glycol. 

Examples of the functional group-containing vinyl mono 
mer mentioned above further include polyfunctional mono 
C. 

Examples of the polyfunctional monomer include (mono 
or poly)alkylene glycol di(meth)acrylates, for example, 
(mono or poly)ethylene glycol di(meth)acrylates such as eth 
ylene glycol di(meth)acrylate, diethylene glycol di (meth) 
acrylate, triethylene glycol di(meth)acrylate, trimethylolpro 
pane tri(meth)acrylate and tetraethylene glycol di(meth) 
acrylate, and (mono or poly)propylene glycol di(meth) 
acrylates such as propylene glycol di(meth)acrylate; 
neopentyl glycol di(meth)acrylate, 1.6-hexandiol di(meth) 
acrylate, pentaerythritol di(meth)acrylate, trimethylolpro 
pane tri(meth)acrylate, pentaerythritol tri(meth)acrylate, 
dipentaerythritol hexa(meth)acrylate and divinyl benzene. 
Examples of the polyfunctional monomer also include epoxy 
acrylate, polyester acrylate and urethane acrylate. 
The copolymerizable vinyl monomers can be used alone or 

in combination. 
Of these copolymerizable vinyl monomers, (meth)acrylic 

acid alicyclic hydrocarbon esters whose alicyclic hydrocar 
bon group has 6 or more carbon atoms are preferable, and 
cyclohexyl methacrylate is more preferable. 
The copolymerizable vinyl monomer is optionally blended 

with the reaction component, and the amount thereof is, for 
example, 39 parts by weight or less, preferably 19 parts by 
weight or less, more preferably 18 parts by weight or less, per 
100 parts by weight of the reaction component. 
The blending of the copolymerizable vinyl monomers with 

the reaction component allows improvement in adhesion of 
the aqueous dispersion adhesive composition. 

The aqueous dispersion copolymer is obtained by copoly 
merizing the above reaction component by a polymerization 
method Such as emulsion polymerization. 

In the emulsion polymerization, together with the above 
reaction component, polymerization initiators, emulsifiers, 
and if necessary, chain transfer agents are appropriately 
blended in water and then copolymerized. More specifically, 
a known emulsion polymerization method such as collective 
charging method (collective polymerization method), mono 
mer dropping method and monomer emulsion dropping 
method can be employed. In the monomer dropping method, 
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8 
continuous dropping or divisional dropping is appropriately 
selected. Reaction conditions are appropriately selected, but 
the polymerization temperature is, for example, 20 to 100° C. 
The polymerization initiator is not particularly limited, and 

a polymerization initiator, which is usually used in the emul 
sion polymerization, is used. Examples thereof include azo 
based initiators such as 2,2'-azobisisobutyronitrile, 2,2'-aZo 
bis(2-methylpropioneamidine) disulfate, 2,2'-azobis(2- 
methylpropioneamidine) dihydrochloride, 2,2'-azobis(2- 
amidinopropane) dihydrochloride, 2,2'-azobisN-(2- 
carboxyethyl)-2-methylpropioneamidinehydrate, 2,2'- 
azobis(N,N'-dimethyleneisobutylamidine) and 2,2'-azobis 
2-(2-imidazolin-2-yl)propanedihydrochloride; persulfate 
based initiators such as potassium persulfate and ammonium 
persulfate; peroxide-based initiators such as benzoyl peroX 
ide, t-butyl hydroperoxide and hydrogen peroxide; Substi 
tuted ethane-based initiators such as phenyl-substituted 
ethane; carbonyl-based initiators such as an aromatic carbo 
nyl compound; and redox-based initiators such as combina 
tion of persulfate and sodium hydrogen sulfite and combina 
tion of peroxide and Sodium ascorbate. 

These polymerization initiators can be used alone or in 
combination. 
Of these polymerization initiators, persulfate-based initia 

tors are preferably used, and ammonium persulfate is more 
preferably used. 
The amount of the polymerization initiator is appropriately 

selected and is, for example, from 0.001 to 1 part by weight 
per 100 parts by weight of the reaction component. 
The dissolved oxygen concentration in the reaction com 

ponent solution can be decreased by replacing the atmosphere 
with nitrogen before, while, or after blending the polymer 
ization initiator with the above reaction component. 
The emulsifier is not particularly limited and a known 

emulsifier, which is usually used in the emulsion polymeriza 
tion, is used. Examples thereof include anionic emulsifiers 
Such as Sodium lauryl Sulfate, ammonium lauryl Sulfate, 
Sodium dodecylbenzenesulfonate, polyoxyethylene Sodium 
lauryl sulfate, sodium polyoxyethylene alkyl ether sulfate, 
ammonium polyoxyethylene alkyl phenyl ether Sulfate, 
sodium polyoxyethylene alkyl phenyl ether sulfate and 
Sodium polyoxyethylene alkyl Sulfo Succinate; and nonionic 
emulsifiers such as polyoxyethylene alkyl ether, polyoxyeth 
ylene alkyl phenyl ether, polyoxyethylene fatty acid ester and 
polyoxyethylene polyoxypropylene block polymer. 
The emulsifier further includes radical polymerizable (re 

active) emulsifiers (e.g., HS-10 (manufactured by Dai-Ichi 
Kogyo Seiyaku Co., Ltd.)) in which a radical polymerizable 
functional group (reactive group) Such as propenyl group or 
allyl ether group is introduced into the anionic emulsifier and 
the nonionic emulsifier. 

These emulsifiers can be used alone or in combination. The 
amount of the emulsifier is, for example, 0.2 to 10 parts by 
weight, preferably 0.5 to 5 parts by weight, per 100 parts by 
weight of the reaction component. 
The chain transfer agent may adjust a molecular weight of 

the aqueous dispersion copolymer as required, and a chain 
transfer agent, which is usually used in the emulsion poly 
merization, is used. Examples thereof include mercaptanes 
Such as 1-dodecanethiol, mercaptoacetic acid, 2-mercaptoet 
hanol, 2-ethylhexylthioglycolate and 2,3-dimethylcapto-1- 
propanol. 

These chain transfer agents can be used alone or in com 
bination. The amount of the chain transfer agent is, for 
example, from 0.001 to 0.5 parts by weight per 100 parts by 
weight of the reaction component. 
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The aqueous dispersion copolymer resulted from Such 
emulsion polymerization can be prepared as an emulsion 
(aqueous dispersion). 
The aqueous dispersion copolymer can also be prepared by 

polymerizing the above reaction component through a 
method without using an organic solvent other than the emul 
sion polymerization method, and then dispersing the result 
ing polymer in water using the above emulsifier. 

For the purpose of improving stability of the emulsion, a 
pH of the aqueous dispersion copolymer is adjusted from 7 to 
9, preferably from 7 to 8, by aqueous ammonia or the like. 
The aqueous dispersion adhesive composition of the 

present invention is obtained by mixing the aqueous disper 
sion copolymer thus obtained above and the crosslinking 
agent. 
The crosslinking agent is a crosslinking agent having reac 

tivity with a carboxyl group (a carboxyl group of mainly 
(meth)acrylic acid), and examples thereof include carbodiim 
ide crosslinking agent, isocyanate crosslinking agent, epoxy 
crosslinking agent, oxazoline crosslinking agent, aziridine 
crosslinking agent and metal chelate crosslinking agent. As 
the crosslinking agent, carbodiimide crosslinking agent and 
oxazoline crosslinking agent are preferable. 

For example, an oil-soluble or water-soluble crosslinking 
agent may be used, or a crosslinking agent prepared as an 
aqueous dispersion type (emulsion type) may also be used. As 
a crosslinking agent (specifically, an oxazoline crosslinking 
agent), preferably a crosslinking agent of an aqueous disper 
Sion, or more preferably a carbodiimide crosslinking agent of 
an aqueous dispersion may be used. 
When the carbodiimide crosslinking agent of an aqueous 

dispersion is used as a crosslinking agent having reactivity 
with a carboxyl group of an aqueous dispersion copolymer, 
the aqueous dispersion adhesive composition is less Suscep 
tible to change in liquid properties, specifically, Viscosity, 
after blending of the crosslinking agent, thereby facilitating 
handling of the aqueous dispersion adhesive composition in 
the manufacturing process. 

The carbodiimide crosslinking agent is a compound having 
a carbodiimide group. The carbodiimide group is a functional 
group ( N=C=NH) in which one hydrogen atom is 
abstracted from carbodiimide (HN=C=NH), or a functional 
group (-N=C=N ) in which two hydrogen atoms are 
abstracted therefrom. The carbodiimide group can react with 
a carboxyl group. 
More specifically, examples of the carbodiimide crosslink 

ing agent include low molecular weight compound or high 
molecular weight compound each having two or more carbo 
diimide groups. 
The low molecular weight compound having a carbodiim 

ide group is represented by the following general formula: 

wherein R', RandR are different from each other, and each 
represents a hydrocarbon group. 
The high molecular weight compound having a carbodi 

imide group may be polycarbodiimide, and a high molecular 
weight compound having a site excellent in affinity for water 
Such as an ethyleneoxide (—CH2—CH2—O—) site is pref 
erable. 
As the high molecular weight compound having the above 

carbodiimide group, commercially available products can be 
used, and examples thereof include water-soluble CAR 
BODILITE V series (under the trade names of CARBODIL 
ITE V-02, CARBODILITE V-02-L2 and CARBODILITE 
V-04, hereinabove manufactured by NISSHINBO INDUS 
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10 
TRIES, INC.); and emulsion type (aqueous dispersion) CAR 
BODILITE E series (under the trade names of CARBODIL 
ITE E-01, CARBODILITE E-02 and CARBODILITE E-04, 
hereinabove manufactured by NISSHINBO INDUSTRIES, 
INC.). 

These carbodiimide crosslinking agents can be used alone 
or in combination. 
Of these carbodiimide crosslinking agents, high molecular 

weight compound having a carbodiimide group is preferable. 
The oxazoline crosslinking agent is a crosslinking agent 

having an oxazoline group, and examples thereof include 
those having a main chain being of an acryl skeleton or a 
styrene skeleton and having an oxazoline group in a side 
chain of the main chain, and preferably an oxazoline group 
containing acrylic polymer having a main chain being of an 
acryl skeleton and having an oxazoline group in a side chain 
of the main chain. 

Examples of the oxazoline group include 2-oxazoline 
group, 3-oxazoline group and 4-oxazoline group, and a 2-ox 
aZoline group is preferable. 
The 2-oxazoline group is generally represented by the fol 

lowing general formula (4): 

(4) 
R12 R13 

R- -R" 
Nin 10 s 

in the general formula (4), R', R', R'' and Reach inde 
pendently represents a hydrogen atom, a halogen atom, an 
alkyl group, anaralkyl group, a phenyl group, or a Substituted 
phenyl group. 
The oxazoline group-containing polymer can be used as an 

emulsion type which is emulsified in water using an emulsi 
fier or a water solution type which is dissolved in water. 
As the oxazoline group-containing polymer, commercially 

available products are usually used, and specific examples 
thereof include, as a water-soluble type, oxazoline group 
containing acrylic polymers such as EPOCROS WS-500 
(solid content: 40%, main chain: acrylic, pH 7 to 9, oxazoline 
value: 220 g solid/eq., manufactured by NIPPON 
SHOKUBAI Co., Ltd.) and EPOCROS WS-700 (solid con 
tent: 25%, main chain: acrylic, pH 7 to 9, oxazoline value: 220 
g solid/eq., manufactured by NIPPON SHOKUBAI Co., 
Ltd.); and, as an emulsion type, oxazoline group-containing 
acryl/styrene polymers such as EPOCROS K-1000 series 
(solid content: 40%, main chain: styrenefacrylic, oxazoline 
value: 1100 g solid/eq., pH 7 to 9, manufactured by NIPPON 
SHOKUBAI Co., Ltd.) and EPOCROS K-2000 series (solid 
content: 40%, main chain: styrene/acrylic, pH 7 to 9, oxazo 
line value: 550 g solid/eq., manufactured by NIPPON 
SHOKUBAI Co., Ltd.). 

These oxazoline crosslinking agents can be used alone or 
in combination of two or more kinds. 
When the oxazoline crosslinking agent is contained in the 

aqueous dispersion adhesive composition, an oxazoline 
group therein mainly reacts with a functional group (mainly a 
carboxyl group of (meth)acrylic acid) at relatively low tem 
peratures, so that a firm adhesive layer can be formed. 
The amount of the crosslinking agent (carbodiimide 

crosslinking agent) is from 0.07 to 4 parts by weight, prefer 
ably from 0.08 to 3 parts by weight, more preferably from 0.1 
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to 2 parts by weight, per 100 parts by weight of the aqueous 
dispersion copolymer (i.e., Solid content of the aqueous dis 
persion). Further, when the crosslinking agent is an oxazoline 
crosslinking agent, the amount thereofis, for example, from 
0.07 to 1.5 parts by weight, preferably from 0.1 to 1 parts by 
weight, more preferably from 0.1 to 0.3 parts by weight, per 
100 parts by weight of the aqueous dispersion copolymer 
(i.e., Solid content of the aqueous dispersion). 
When the amount is less than the above range, foaming of 

the adhesive layer under a high temperature atmosphere can 
not be suppressed. On the other hand, when the amount is 
more than the above range, the adhesion (tackiness) of the 
aqueous dispersion adhesive composition, particularly the 
adhesion to a glass Substrate during heating and humidifying 
may decrease. The adhesion (90° peel adhesion: peel rate 10 
mm/min) during heating and humidifying is desirably 2.0 
N/25 mm or more. 
The aqueous dispersion copolymer is crosslinked by mix 

ing the aqueous dispersion copolymer and the crosslinking 
agent. More specifically, when the crosslinking agent is a 
carbodiimide crosslinking agent, the aqueous dispersion 
copolymer is crosslinked by allowing carboxyl groups of the 
aqueous dispersion copolymer to react with carbodiimide 
groups of the carbodiimide crosslinking agent. When the 
crosslinking agent is an oxazoline crosslinking agent, the 
aqueous dispersion copolymer is crosslinked by allowing 
carboxyl groups of the aqueous dispersion copolymer to react 
with oxazoline groups of the oxazoline crosslinking agent. 

In order to accelerate the crosslinking reaction, after the 
aqueous dispersion copolymer and the crosslinking agent are 
mixed, the mixed mixture can be heated, for example, at a 
temperature of from 80 to 150° C., or preferably from 80 to 
120° C., for 1 to 10 minutes. As such heat, heat for drying 
during formation of the adhesive layer described later may be 
utilized. 

Further, additives, which are usually added to an aqueous 
dispersion adhesive composition, such as Viscosity modifiers, 
release modifiers, plasticizers, softening agents, fillers, colo 
rant (such as pigments and dyes), antioxidant and Surfactant, 
if necessary, may be appropriately added to the aqueous dis 
persion adhesive composition thus obtained. The amount of 
these additives is not particularly limited and can be appro 
priately selected. 
The gel fraction of the aqueous dispersion adhesive com 

position (Solid content) thus preparedis, for example, from 80 
to 95% by weight, preferably from 80 to 93% by weight. 
When the gel fraction is less than the above range, foaming 
may occur in the case where the aqueous dispersion adhesive 
composition is applied to the adhesive optical film and the 
resulting product is used under a high temperature atmo 
sphere. On the other hand, when the gel fraction is more than 
the above range, the adhesion of the aqueous dispersion adhe 
sive composition may decrease. 

After the aqueous dispersion adhesive composition is 
coated with a Teflon sheet (registered trademark) and then 
immersed in ethyl acetate for 7 days, the gel fraction can be 
calculated by the following equation: 

Gel Fraction (% by weight)=(Weight of Aqueous Dis 
persion Adhesive Composition Adhering to 
Teflon Sheet (registered trademark) After Immer 
sion/Weight of Aqueous Dispersion Adhesive 
Composition. Before Immersion)x100 

A method for producing the adhesive optical film as an 
embodiment of an adhesive film according to the present 
invention, will be described below with reference to FIG. 1. 

First, an optical film 1 is prepared so as to obtain a pressure 
sensitive adhesive optical film. 
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12 
The optical film 1 is not particularly limited as long as it is 

a film which has optical characteristics and is bonded to a 
liquid crystal display or the like, and examples thereof 
include polarizing film, phase difference film, luminance 
improving film and view-angle expansion film. 
As the polarizing film, those having a transparent protec 

tive film provided on one side or both sides of the polarizer are 
used. 
The polarizer is not particularly limited, and examples 

thereof include those obtained by dyeing hydrophilic poly 
mer films such as polyvinyl alcohol-based film, partially for 
mulated polyvinyl alcohol film and ethylene-vinyl acetate 
copolymer partially saponified film with a dichroic Substance 
Such as iodine or dichroic dye, and then uniaxially stretching 
the dyed film; and polyene oriented films subjected to a dehy 
dration treatment of polyvinyl alcohol or a dehydrochlorina 
tion treatment of polyvinyl chloride. A polarizer obtained by 
dyeing a polyvinyl alcohol film with iodine and then uniaxi 
ally stretching the dyed film is preferable. 

Examples of the transparent protective film include poly 
esterpolymer film Such as polyethylene terephthalate or poly 
ethylene naphthalate, cellulose polymer film Such as diacetyl 
cellulose or triacetyl cellulose, acrylic polymer film Such as 
polymethyl methacrylate, styrene polymer film Such as poly 
styrene or acrylonitrile-styrene copolymer (AS resin) and 
polycarbonate polymer film. The transparent protective film 
further includes polyolefin polymer film such as polyethyl 
ene, polypropylene, polyolefin having a cyclo or norbornene 
structure or ethylene-propylene copolymer, vinyl chloride 
polymer film, nylon, amide polymer film Such as aromatic 
polyamide, imide polymer film, Sulfone polymer film, poly 
ethersulfone polymer film, polyether ether ketone polymer 
film, polyphenylene sulfide polymer film, vinyl alcohol 
based polymer film, vinylidene chloride polymer film, vinyl 
butyral polymer film, allylate polymer film, polyoxymethyl 
ene polymer film, epoxy polymer film, or films such as a 
blend of the above polymers. 
The transparent protective film can be formed as a cured 

layer made of an acrylic-based, urethane-based, acryl-ure 
thane-based, epoxy or silicone thermosetting or ultraviolet 
curable resin. 
The transparent protective film is preferably made of a 

cellulose polymer. The thickness of the transparent protective 
film is not particularly limited and is, for example, 500 um or 
less, preferably from 1 to 300 um, more preferably from 5 to 
200 um. 
The polarizer is bonded with the transparent protective film 

using an isocyanate adhesive, a polyvinyl alcohol adhesive, a 
gelatin adhesive, a vinyl adhesive, a latex adhesive or water 
polyester adhesive. 

Examples of the phase difference film include double 
refraction film obtained by uniaxially or biaxially stretching a 
polymer material, oriented film of a liquid crystal polymer, 
and film comprising an oriented layer made of a liquid crystal 
polymer supported thereon. The thickness of the phase dif 
ference film is not particularly limited and is, for example, 
from 20 to 150 um. 

Examples of the polymer material include polyvinyl alco 
hol, polyvinylbutyral, polymethyl vinyl ether, polyhydroxy 
ethyl acrylate, hydroxyethyl cellulose, hydroxypropyl cellu 
lose, methyl cellulose, polycarbonate, polyarylate, 
polysulfone, polyethylene terephthalate, polyethylene naph 
thalate, polyether Sulfone, polyphenylene Sulfide, polyphe 
nylene oxide, polyallyl Sulfone, polyvinyl alcohol, polya 
mide, polyimide, polyolefin, polyvinyl chloride, cellulose 
based polymer, or various two-dimensional or three 
dimensional copolymers thereof, graft copolymer and blends. 
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These polymer materials are formed into an oriented sub 
stance (stretched film) by stretching. 

Examples of the liquid crystal polymer include various 
main chain or side chain type liquid crystal polymers in which 
a conjugated linear atomic group (mesogen) capable of 5 
imparting liquid crystal orientation is introduced into the 
main chain or side chain of the polymer. The main chain type 
liquid crystal polymer has a structure in which a mesogenic 
group is attached at the spacer moiety capable of imparting 
flexibility, and specific examples thereof include nematically 
oriented polyester-based liquid crystal polymer, discotic 
polymer and cholesteric polymer. Examples of the side chain 
type liquid crystal polymer include those which contain pol 
ysiloxane, polyacrylate, polymethacrylate or polymalonate 
as a main chain skeleton and also have, as a side chain, a 
mesogenic moiety composed of a para-Substituted cyclic 
compound unit capable of imparting nematic orientation via 
a spacer moiety composed of a conjugated atomic group. 
These liquid crystal polymers are obtained by spreading a 
Solution of a liquid crystal polymer over an oriented Surface 
such as the surface of a thin film made of polyimide or 
polyvinyl alcohol formed on a glass plate subjected to a 
rubbing treatment, or to an oblique deposition with silicon 
oxide, and then conducting heat treatment. 
The phase difference film may be one used for the purpose 

of coloring of films having various wavelengths and a liquid 
crystal layer due to double refraction or of enlarging a view 
angle, or one appropriately having phase difference accord 
ing to the purpose of use, or optical characteristics Such as 
phase difference may be controlled by laminating two or 
more phase difference films. 

Examples of the luminance improving film include those 
which allow permeation of linear polarization of a predeter 
mined polarizing axis and reflect other light, such as multi 
layered thin film of dielectrics or multilayered laminate com 
posed of thin films each having different refractive index 
anisotropy; and those which allow permeation of either left 
hand or right-hand circularly polarized light and reflects the 
other light, Such as oriented film of a cholesteric liquid crystal 
polymer or a film having an oriented liquid crystal layer 
Supported on the base material. 
The view-angle expansion film is a film used to enlarge a 

view angle so that images can be seen relatively clearly when 
the image plane of the liquid crystal display is viewed from a 
slightly diagonal direction relative to the image plane, not 
from a perpendicular direction to the image plane, and 
examples thereof include phase difference film, oriented film 
made of liquid crystal polymer, and film having an oriented 
layer Such as a liquid crystal polymer Supported by a trans 
parent base material. Examples of the phase difference film 
used as the view-angle expansion film include polymer film 
having double refraction obtained by biaxially stretched in 
the plane direction; polymer film having double refraction, in 
which refractive index in the thickness direction is controlled, 
obtained by uniaxially stretching in the plane direction and 
also under stretch in the thickness direction, and biaxially 
stretched film such as inclined oriented film. 
An adhesive layer 2 made of the aqueous dispersion adhe 

sive composition is provided on one side of the optical film 1. 
The adhesive layer 2 is provided, for example, by transfer 

ring the adhesive layer 2 to the above-mentioned optical film 
1 from a release sheet 3 on which the adhesive layer 2 is 
formed. The release sheet 3 on which the adhesive layer 2 is 
formed is produced by directly coating the aqueous disper 
sion adhesive composition on the release sheet 3 using a 
known coating method such as knife coating method. There 
after, the adhesive layer 2 is provided on the release sheet 3, 
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14 
for example, by heating to dry the release sheet 3 thus coated 
at a temperature of from 80 to 150° C. for 1 to 10 minutes. To 
transfer the adhesive layer 2, the release sheet 3 on which the 
adhesive layer 2 is formed is laminated with the optical film 1 
and then the release sheet 3 is removed from the adhesive 
layer 2. 
The adhesive layer 2 can also be formed, for example, by 

directly coating the aqueous dispersion adhesive composition 
onto the optical film 1 using a known coating method such as 
knife coating method, and then heating to dry the release 
sheet 3 thus coated at a temperature of from 80 to 150° C. for 
1 to 10 minutes. 
As shown in FIG. 2, the optical film 1 can be previously 

Subjected to undercoating treatment such as appropriately 
provided with an under coat layer 4 in order to improve 
adhesion (anchoring force) with the adhesive layer 2. 
The under coat layer 4 contains, for example, resin, and 

examples of the resin include polyacrylic resin, polyurethane 
resin and polyester resin, and resin obtained by modifying 
these resins with a reactive functional group is preferable. 

Examples of the reactive functional group include oxazo 
line group, carboxyl group, hydroxyl group and amino group, 
and oxazoline group is preferable. 

Examples of the oxazoline group include the same group as 
those described above. 

Examples of the resin modified with a reactive functional 
group include, when the reactive functional group is oxazo 
line group, oxazoline group-containing resin which has a 
main chain being of an acryl skeleton or a styrene skeleton 
and has an oxazoline group in a side chain of the main chain, 
and the same oxazoline group-containing acrylic polymeras 
described above is preferable. 
The number average molecular weight of the oxazoline 

group-containing acrylic polymer is, for example, 5000 or 
more, preferably or more, and usually 1000000 or less. When 
the number average molecular weight is lower than 5000, 
cohesive failure occurs because of poor strength of the under 
coat layer, whereby an anchoring force may not be improved. 
When the number average molecular weight is higher than 
1000000, workability may be inferior. The oxazoline value of 
the oxazoline group-containing acrylic polymer is, for 
example, 1500 g solid/eq. or less, preferably 1200 g solid/eq. 
When the oxazoline value is larger than 1500 g solid/eq., the 
amount of the oxazoline group contained in a molecule 
decreases, whereby the anchoring force may not be improved. 

These resins are used alone or in combination. The resin is 
usually prepared by dissolving or dispersing the resin in an 
organic solvent, water, or the like so that the amount of the 
solid content thereof may be from 0.01 to 15% by weight, 
preferably from 0.05 to 5% by weight. 
The under coat layer 4 is provided, for example, by a 

method of directly applying an undercoat (solution or disper 
sion) containing a resin to the optical film 1 using a known 
coating method such as coating method, dipping method and 
spraying method, and then drying the coating. 
The thickness of the under coat layer 4 is set so that the 

thickness before drying is, for example, from 1 to 500 um, 
preferably from 10 to 100 um and more preferably from 20 to 
50 um, and so that the thickness after drying is, for example, 
from 1 to 1000 nm, preferably from 10 to 500 nm and more 
preferably from 20 to 400 nm. 

Examples of the release sheet 3 include synthetic resin film 
made of paper, polyethylene, polypropylene or polyethylene 
terephthalate; rubber sheet; fabric; nonwoven fabric; net; 
foamed sheet; metal foil; and laminated sheet material 
thereof. If necessary, the surface of the release sheet 3 may be 
Subjected to a treatment (release treatment) such as silicone 
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treatment, long chain alkyl treatment or fluorine treatment so 
as to enhance releasability from the adhesive layer 2. 
The thickness (thickness after drying) of the adhesive layer 

2 is set within a range, for example, from 1 to 100 um, 
preferably from 5 to 50 um and more preferably from 10 to 30 
lm. 
The elongation at 90° C. resulted from the following test of 

the adhesive layer 2 made of the above aqueous dispersion 
adhesive composition is 200% or less, preferably 180% or 
less, more preferably 150% or less, even more preferably 
100% or less, even more preferably 50% or less, and usually 
O% or more. 

Elongation test at 90° C.: An aqueous dispersion adhesive 
composition is heated to prepare an adhesive layer, and the 
adhesive layer thus prepared is formed into a cylindrical 
column shape having a cross section of 4.6 mm and a length 
of 30 mm to prepare a test piece. Subsequently, the test piece 
is allowed to stand at 90° C. for 1 hour, and thereafter, an 
initial length Lo of the test piece is measured. Then, the test 
piece with one end fixed and the other end attached a 12 
g-weight, is hung down vertically at 90° C. for 2 hours. A 
length L (mm) of the test piece after the 2-hour hanging is 
measured, and the elongation is calculated by the following 
equation: 

Elongation (%)=(Li-Lo), Lox100 

When the elongation at 90° C. exceeds the above range, the 
foaming resistance of the adhesive layer 2 under a high tem 
perature atmosphere decreases, and thus foaming cannot be 
Suppressed. 
The elongation of the adhesive layer 2 at 23° C. is, for 

example, 150% or less, preferably 130% or less, more pref. 
erably 100% or less, even more preferably 80% or less, even 
more preferably 50% or less, and usually 0% or more. 
The elongation at 23° C. can be calculated in the same 

manner as the elongation test at 90° C. described above except 
that the temperature is changed from 90° C. to 23°C. in the 
elongation test at 90° C. 
An adhesive optical film canthus be obtained by providing 

the adhesive layer 2 made of the aqueous dispersion adhesive 
composition on one side of the optical film 1. 
The adhesive optical film thus obtained is preferably used 

in various industrial applications as adhesive optical films 
Such as polarizing film, phase difference film, luminance 
improving film and view-angle expansion film. 
The aqueous dispersion adhesive composition of the 

present invention has excellent adhesion even when Sticking 
to a glass Substrate, which allows the adhesive optical film to 
firmly stick to a glass Substrate. 

Further, since the adhesive optical film has excellent heat 
resistance and moisture resistance, excellent durability can be 
obtained even in a high temperature and high humidity atmo 
sphere. 

In particular, the aqueous dispersion adhesive composition 
of the present invention and the adhesive optical film com 
prising an adhesive layer made of the aqueous dispersion 
adhesive composition can effectively prevent the occurrence 
of air bubbles and distortions at high temperature and high 
humidity. Thus, the deterioration of optical characteristics 
can be prevented effectively. 

In the above description, the adhesive film of the present 
invention has been illustrated and described with the adhesive 
optical film. However, the adhesive film of the present inven 
tion can be used as an adhesive film adhered to an adherend 
other than the optical film. The adhesive film of the present 
invention is also used, for example, as adhesive sheet, adhe 
sive tape, or the like. 
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In the above description, the adhesive layer 2 and, if nec 

essary, the under coat layer 4 provided are provided on one 
side of the optical film 1. However, these layers can also be 
provided on both sides of the optical film 1. 

In the usual aqueous dispersion adhesive composition, a 
tackifying resin Such as rosin-based resin or elastomer is 
added so as to enhance adhesion to an adherend. However, 
since the aqueous dispersion adhesive composition of the 
present invention can enhance adhesion without adding the 
tackifying resin, regardless of aqueous dispersibility, it is 
possible to obtain an aqueous dispersion adhesive composi 
tion having high adhesion at low cost, and an adhesive film 
comprising an adhesive layer made of the aqueous dispersion 
adhesive composition. 

EXAMPLES 

The present invention will now be described in more detail 
by way of Examples and Comparative Examples. However, 
the present invention is not limited to the following Examples 
and Comparative Examples. In the following description, the 
units “part(s)' and “96” are by weight, unless otherwise 
noted. 

Example 1 

Preparation of Monomer Preemulsion 
In a vessel, 92 parts of butyl acrylate, 6 parts of methacrylic 

acid, 2 parts of monopoly(propylene oxide)methacrylate 
phosphate ester (average degree of polymerization of propy 
lene oxide: about 5.0) and 0.03 parts of 3-methacryloylox 
ypropyl-trimethoxysilane (KBM-503, manufactured by 
SHIN-ETSU CHEMICAL CO., LTD.) were charged and 
mixed to prepare a mixture of the reaction components. Sub 
sequently, to 388 g of the mixture of the reaction components 
thus prepared, 46.6 g of a reactive emulsifier AQUALON 
HS-10 (Dai-Ichi Kogyo Seiyaku Co., Ltd.) and 346 g of 
ion-exchange water were added, and the mixture was forcibly 
emulsified with stirring at 5000 (1/min) for 5 minutes using a 
homogenizer (manufactured by Tokusyu Kika Kogyo Co., 
Ltd.) to prepare a monomer preemulsion. 
Preparation of Emulsion of Aqueous Dispersion Copolymer 

In a reaction vessel equipped with a condenser tube, a 
nitrogen introducing tube, a thermometer and a stirrer, 156 g 
of the resulting monomer preemulsion and 219 g of ion 
exchange water were charged, and Subsequently, the atmo 
sphere in the reaction vessel was replaced by nitrogen. There 
after, 0.023 g of ammonium persulfate (0.03 parts per 100 
parts of the Solid content of the charged monomer preemul 
sion) was added thereto, and the added mixture was polymer 
ized at 65° C. for 2.5 hours. Then, 0.217 g of ammonium 
persulfate (0.07 parts per 100 parts of the solid content of the 
residual monomer preemulsion) was added to 625 g of the 
residual monomer preemulsion. The resulting mixture was 
added dropwise in the reaction vessel over 3 hours, and there 
after, polymerization was conducted at 70° C. for 3 hours 
while the atmosphere was replaced with nitrogen, to obtain an 
emulsion (aqueous dispersion) of an aqueous dispersion 
copolymer having a Solid content of 40%. 
Preparation of Aqueous Dispersion Adhesive Composition 

After the emulsion thus obtained was cooled to room tem 
perature, the pH was adjusted to 8 by adding 10% aqueous 
ammonia, and 0.1 parts of carbodiimide crosslinking agent 
(CARBODILITEV-04, water-soluble type, manufactured by 
NISSHINBOINDUSTRIES, INC.) was further added to 100 
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parts of the Solid content of the emulsion (aqueous dispersion 
copolymer) to prepare an aqueous dispersion adhesive com 
position. 

Production of Adhesive Optical Film 
The aqueous dispersion adhesive composition thus pre 

pared was coated onto a release sheet made of polyester film 
which was treated with a release agent, and the coating was 
heated to dry at 100° C. for 2 minutes to form a 23 um-thick 
adhesive layer. 
A polarizing film previously Subjected to an undercoating 

treatment was prepared. For the undercoating treatment, an 
undercoating solution was first prepared by diluting an 
oxazoline group-containing acrylic polymer (EPOCROS 
WS-700, manufactured by NIPPON SHOKUBAI Co., Ltd.) 
with a mixed solvent of water and ethanol (weight ratio: 1:1) 
so as to adjust the solid content to 0.25% by weight. Then, the 
undercoating solution was applied onto one side of the polar 
izing film using a wire bar #5, and the applied coating was 
heated to dry at 40°C. for 2 minutes to prepare an under coat 
layer. 
The above polarizing film was produced by stretching a 

polyvinyl alcohol film in an aqueous iodine solution, drying 
the polyvinyl alcohol film, and thereafter, bonding a triacetyl 
cellulose film as a transparent protective film to both sides of 
the polarizer. 

Subsequently, the polarizing film was laminated on a phase 
difference film (NAZ-#195-0.3, manufactured by Nitto 
Denko Corporation) so that a surface which is not provided 
with the under coat layer and the phase difference film are 
stuck to each other. Thus, an optical film on which the polar 
izing film provided with the under coat layer, and the phase 
difference film were laminated was produced. 

Then, the adhesive layer was laminated on the under coat 
layer of the optical film to produce an adhesive optical film 
(cf. FIG. 2). 

Example 2 

In the same manner as in Example 1, except that 0.3 parts 
of the carbodiimide crosslinking agent (CARBODILITE 
V-04) was added in place of 0.1 parts of the carbodiimide 
crosslinking agent (CARBODILITEV-04) in the preparation 
of the aqueous dispersion adhesive composition in Example 
1, an aqueous dispersion adhesive composition was prepared 
and an adhesive optical film was then produced. 

Example 3 

Preparation of Monomer Preemulsion 
In a vessel, 88 parts of butyl acrylate, 5 parts of acrylic acid, 

5 parts of cyclohexyl methacrylate, 2 parts of monopoly 
(propylene oxide)methacrylate phosphate ester (average 
polymerization degree of propylene oxide: about 5.0) and 
0.03 parts of 3-methacryloyloxypropyl-trimethoxysilane 
(KBM-503, manufactured by SHIN-ETSU CHEMICAL 
CO.,LTD.) were charged and mixed to prepare a mixture of 
the reaction components. Subsequently, to 388 g of the mix 
ture of the reaction components thus prepared, 46.6 g of a 
reactive emulsifier AQUALON HS-10 (Dai-Ichi Kogyo Seiy 
aku Co., Ltd.) and 346 g of ion-exchange water were added, 
and the mixture was forcibly emulsified with stirring at 5000 
(1/min) for 5 minutes using a homogenizer (manufactured by 
Tokusyu Kika Kogyo Co., Ltd.) to prepare a monomer 
preemulsion. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
Preparation of Emulsion of Aqueous Dispersion Copolymer 

In a reaction vessel equipped with a condenser tube, a 
nitrogen introducing tube, athermometer and a stirrer, 78g of 
the resulting monomer preemulsion and 219 g of ion-ex 
change water were charged, and Subsequently, the atmo 
sphere in the reaction vessel was replaced by nitrogen. There 
after, 0.004 g of ammonium persulfate (0.01 parts per 100 
parts of the Solid content of the charged monomer preemul 
sion) was added thereto, and the added mixture was polymer 
ized at 65° C. for 2.5 hours. Then, 0.244 g of ammonium 
persulfate (0.07 parts per 100 parts of the solid content of the 
residual monomer preemulsion) was added to 702.5g of the 
residual monomer preemulsion. The resulting mixture was 
added dropwise in the reaction vessel over 3 hours, and there 
after, polymerization was conducted at 75° C. for 3 hours 
while the atmosphere was replaced with nitrogen, to obtain an 
emulsion (aqueous dispersion) of an aqueous dispersion 
copolymer having a Solid content of 40%. 
Preparation of Aqueous Dispersion Adhesive Composition 

After the emulsion thus obtained was cooled to room tem 
perature, the pH was adjusted to 8 by adding 10% aqueous 
ammonia, and 0.5 parts of a carbodiimide crosslinking agent 
(CARBODILITEV-04) was further added to 100 parts of the 
Solid content of the emulsion (aqueous dispersion copolymer) 
to prepare an aqueous dispersion adhesive composition. 
Production of Adhesive Optical Film 
The aqueous dispersion adhesive composition thus pre 

pared was coated onto a release sheet made of polyester film 
which was treated with a release agent, and the coating was 
subjected to heat treatment at 100° C. for 2 minutes to form a 
23 Lim-thick adhesive layer. 

Then, the adhesive layer was laminated on the under coat 
layer of the same optical film as in Example 1 to produce an 
adhesive optical film (cf. FIG. 2). 

Example 4 

In the same manner as in Example 3, except that 1 part of 
the carbodiimide crosslinking agent (CARBODILITE V-04) 
was added in place of 0.5 parts of the carbodiimide crosslink 
ing agent (CARBODILITE V-04) in the preparation of the 
aqueous dispersion adhesive composition in Example 3, an 
aqueous dispersion adhesive composition was prepared and 
an adhesive optical film was then produced. 

Example 5 

In the same manner as in Example 3, except that 0.175 g. 
(0.05 parts per 100 parts of the solid content of the residual 
monomer preemulsion) of ammonium persulfate was added 
in place of 0.244 g (0.07 parts per 100 parts of the solid 
content of the residual monomer preemulsion) of ammonium 
persulfate in the dropping polymerization in preparation of 
the emulsion of the aqueous dispersion copolymer in 
Example 3, an emulsion (aqueous dispersion) of an aqueous 
dispersion copolymer was prepared, and an aqueous disper 
sion adhesive composition was then prepared, followed by 
production of an adhesive optical film. 

Example 6 

In the same manner as in Example 3, except that 1 part of 
the carbodiimide crosslinking agent (CARBODILITE V-04) 
was added in place of 0.5 parts of the carbodiimide crosslink 
ing agent (CARBODILITE V-04) in the preparation of the 
aqueous dispersion adhesive composition in Example 3, an 
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aqueous dispersion adhesive composition was prepared and 
an adhesive optical film was then produced. 

Example 7 

In the same manner as in Example 3, except that 2 parts of 
the carbodiimide crosslinking agent (CARBODILITE V-04) 
was added in place of 0.5 parts of the carbodiimide crosslink 
ing agent (CARBODILITE V-04) in the preparation of the 
aqueous dispersion adhesive composition in Example 3, an 
aqueous dispersion adhesive composition was prepared and 
an adhesive optical film was then produced. 

Example 8 

In the same manner as in Example 3, except that 3 parts of 
the carbodiimide crosslinking agent (CARBODILITE V-04) 
was added in place of 0.5 parts of the carbodiimide crosslink 
ing agent (CARBODILITE V-04) in the preparation of the 
aqueous dispersion adhesive composition in Example 3, an 
aqueous dispersion adhesive composition was prepared and 
an adhesive optical film was then produced. 

Example 9 

In the same manner as in Example 3, except that 1 part of 
the carbodiimide crosslinking agent (CARBODILITE E-04, 
emulsion type, manufactured by NISSHINBO INDUS 
TRIES, INC.) was added in place of 0.5 parts of the carbodi 
imide crosslinking agent (CARBODILITE V-04) in the 
preparation of the aqueous dispersion adhesive composition 
in Example 3, an aqueous dispersion adhesive composition 
was prepared and an adhesive optical film was then produced. 

Example 10 

In the same manner as in Example 3, except that 0.5 parts 
of the carbodiimide crosslinking agent (CARBODILITE 
E-04, emulsion type, manufactured by NISSHINBOINDUS 
TRIES, INC.) was added in place of 0.5 parts of the carbodi 
imide crosslinking agent (CARBODILITE V-04) in the 
preparation of the aqueous dispersion adhesive composition 
in Example 3, an aqueous dispersion adhesive composition 
was prepared and an adhesive optical film was then produced. 

Example 11 

In the same manner as in Example 3, except that 2 parts of 
the carbodiimide crosslinking agent (CARBODILITE E-04, 
emulsion type, manufactured by NISSHINBO INDUS 
TRIES, INC.) was added in place of 0.5 parts of the carbodi 
imide crosslinking agent (CARBODILITE V-04) in the 
preparation of the aqueous dispersion adhesive composition 
in Example 3, an aqueous dispersion adhesive composition 
was prepared and an adhesive optical film was then produced. 

Comparative Example 1 

In the same manner as in Example 1, except that the car 
bodiimide crosslinking agent was not added in the prepara 
tion of the aqueous dispersion adhesive composition in 
Example 1, an aqueous dispersion adhesive composition was 
prepared and an adhesive optical film was produced. 

Comparative Example 2 

In the same manner as in Example 3, except that the car 
bodiimide crosslinking agent was not added in the prepara 
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20 
tion of the aqueous dispersion adhesive composition in 
Example 3, an aqueous dispersion adhesive composition was 
prepared and an adhesive optical film was produced. 

Comparative Example 3 

In the same manner as in Example 3, except that 0.0005 
parts of the carbodiimide crosslinking agent (CARBODIL 
ITEV-04) was added in place of 0.1 parts of the carbodiimide 
crosslinking agent (CARBODILITE V-04) in the preparation 
of the aqueous dispersion adhesive composition in Example 
3, an aqueous dispersion adhesive composition was prepared 
and an adhesive optical film was then produced. 

Comparative Example 4 

In the same manner as in Example3, except that 0.001 parts 
of the carbodiimide crosslinking agent (CARBODILITE 
V-04) was added in place of 0.5 parts of the carbodiimide 
crosslinking agent (CARBODILITE V-04) in the preparation 
of the aqueous dispersion adhesive composition in Example 
3, an aqueous dispersion adhesive composition was prepared 
and an adhesive optical film was then produced. 

Comparative Example 6 

In the same manner as in Example 3, except that 0.05 parts 
of the carbodiimide crosslinking agent (CARBODILITE 
V-04) was added in place of 0.5 parts of the carbodiimide 
crosslinking agent (CARBODILITE V-04) in the preparation 
of the aqueous dispersion adhesive composition in Example 
3, an aqueous dispersion adhesive composition was prepared 
and an adhesive optical film was then produced. 

Comparative Example 6 

In the same manner as in Example 3, except that 5 parts of 
the carbodiimide crosslinking agent (CARBODILITE V-04) 
was added in place of 0.5 parts of the carbodiimide crosslink 
ing agent (CARBODILITE V-04) in the preparation of the 
aqueous dispersion adhesive composition in Example 3, an 
aqueous dispersion adhesive composition was prepared and 
an adhesive optical film was then produced. 
Evaluation 

1) Elongation of Adhesive Layer 
Each of the aqueous dispersion adhesive composition in 

Examples 1 to 11 and Comparative Examples 1 to 6 was 
heated at 100° C. for 2 minutes to prepare a 23 um-thick 
adhesive layer. The adhesive layer was cooled and was there 
after formed into a 200 mmx30 mm rectangle sheet-like 
shape in plan view using a spatula. Subsequently, the sheet 
shaped adhesive layer was formed into a cylindrical column 
shape having a cross section of 4.6 mm and a length of 30 
mm by winding the layer by hand, to prepare a test piece. A 10 
mm-portion at each end of the test piece in the lengthwise 
direction was then clipped. The test piece thus clipped was 
allowed to stand for 1 hour under an atmosphere at 23° C. 
(room temperature) and an atmosphere at 90° C., and the test 
piece was aged. 
The length (initial length) Lo (mm) in the middle of the 

lengthwise direction over which the test piece was not clipped 
was previously measured with a ruler. Subsequently, the clip 
at one end of the test piece was fixed and a 12 g weight was 
attached to the clip at the other end of the test piece. Then, the 
test piece was vertically hung down under an atmosphere at 
23°C. (room temperature) and an atmosphere at 90° C. for 2 
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hours. After the 2-hour hanging, the length L (mm) in the 
middle of the lengthwise direction over which the test piece 
was not fixed with the clip was measured with a ruler. The 
initial length Lo was about 10 mm. 

Each of the elongation after 2 hours at 23° C. and the 
elongation after 2 hours at 90° C. was calculated by the 
following equation. The results are shown in Table 1. 

Elongation (%)=(LL). Lox100 

22 
3) Adhesion to Glass 

Each of the adhesive optical films obtained in Examples 1 
to 11 and Comparative Examples 1 to 6 was cut into pieces 
having a width of 25 mm, and the resulting cut film was stuck 
onto a glass plate (Corning #1737, manufactured by Corning 
Inc.). The stuck film was then contact-bonded during one 
reciprocation of a rubber roller having a load of 2 kg. The 
resulting test piece was allowed to standinan autoclave at 50° 
C. under 0.5 MPa for 15 minutes and then cooled to 25°C. to 

2) Gel Fraction 10 measure a 90° peel adhesion (peel rate: 10 mm/min) (initial 
First, each of the aqueous dispersion adhesive composi- adhesion). 

tions (about 100 mg) of Examples 1 to 11 and Comparative 
Examples 1 to 6 was wrapped with a Teflon sheet (registered After being allowed to stand in the autoclave, the test piece 
trademark, product number: NTF-1122) and a kite string (12 was further allowed to stand each in an atmosphere at 60° C. 
cm), weights of which were previously measured, and the 15 and an atmosphere at 60°C/90% RH for 40 hours and then 
weight of the resulting parcel was measured. The parcel was cooled to 25°C. to measure a 90° peel adhesion (peel rate: 10 
then placed in a 50 ml-glass bottle and the glass bottle was mm/min). The results are shown in Table 1. 
charged with a sufficient amount of ethyl acetate. After the The higher the peel adhesion is, the better adhesion to glass 
glass bottle was sealed, the parcel was kept immersed at room is. 
temperature for 7 days. Thereafter, the immersed parcel was 2. 
taken out of the glass bottle, ethyl acetate adhered to the 4) Thermal Foaming of Adhesive Optical Film 
Teflon sheet (registered trademark) was wiped off, and the Each of the adhesive optical films of Examples 1 to 11 and 
parcel was dried at 130° C. for 2 hours by a drying machine. Comparative Examples 1 to 6 was cut into pieces having a 
Then, the weight of the dried parcel was measured. The gel size of 235 mm (width)x310 mm (length), and the resulting 
fraction was then calculated by the following equation: ' cut film was stuck onto a 0.7 mm-thick glass plate (Corning 

Gel Fraction (% by weight)={(C-A)/(B-A)x100 #1737, manufactured by Corning Inc.). The resulting test 
piece was allowed to stand in an autoclave at 50° C. under 0.5 

The symbols in the equation are as follows: MPa for 15 minutes and thereafter allowed to stand under an 
A (g): Total weight of a Teflon sheet (registered trademark) atmosphere heated to 90° C. for 500 hours. Then, whether the 

and a kite string (tare weight) adhesive optical film was foamed or not was visually 
B (g): Total weight of a Teflon sheet (registered trademark), observed. 

a kite string and an aqueous dispersion adhesive composition The presence or absence of foaming of the adhesive optical 
before being immersed in ethyl acetate and dried film was observed according to the following criteria: 
C (g): Total weight of a Teflon sheet (registered trademark), 

a kite String and an aqueous dispersion adhesive composition 35 A: Foaming WaS not observed. 
after being immersed in ethyl acetate and dried B: Foaming was slightly observed. 
The results are shown in Table 1. C: Foaming was observed. 

TABLE 1 

Examples Comparative Examples 

Ex. Ex. Ex. Ex. Ex. 
1 2 3 4 5 

Blending Aqueous Reaction Alkyl(meth)acrylate Butyl Acrylate 92 92 88 88 88 
Formulation Dispersion Component Ester 
of Aqueous Type (Meth)acrylic Acid Acrylic Acid 5 5 5 
Dispersion Copolymer Methacrylic Acid 6 6 
Adhesive Phosphoric Acid Group- PAM-2OO Blending 2 2 2 2 2 
Composition Containing Vinyl Amount 

Monomer Expressed 
in Parts 
Phosphoric O.04 0.04 O.04 O.04 O.04 
Acid Group 
Concentration 
Immol/g 

Alkoxysilyl Group- KBM-SO3 O.O3 O.O3 O.O3 O.O3 O.O3 
Containing Vinyl Monomer 
Copolymerizable Vinyl Cyclohexyl methacrylate 5 5 5 
Monomer 

Emulsifier AQUALON HS-10 3 3 3 3 3 
Polymerization Initiator Ammonium Persulfate' O.O3, O.O3, O.O1, 0.01. 0.01 

O.O7 O.O7 O.O7 O.O7 O.OS 

<Polymerization Condition> Polymerization Temperature 65. 65. 65. 65. 65. 
(o C.)*2 70 70 75 75 75 

Crosslinking Carbodiimide Crosslinking Agent CARBODILITE VO4 O.1 O.3 O.S 1 O.S 
Agent CARBODILITEE-04 
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TABLE 1-continued 

Elongation for 2 Hours (%) 

Gel fraction (wt.%) 
Adhesion to Glass 
(Peel Adhesion 
N/25mm) 
Thermal Foaming 

Peel Rate 10 mm/min 

Reaction 
Component 

Aqueous 
Dispersion 
Type 
Copolymer 

Alkyl(meth)acrylate 
Ester 
(Meth)acrylic Acid 

Phosphoric Acid Group 
Containing Vinyl 
Monomer 

Alkoxysilyl Group 
Containing Vinyl Monomer 
Copolymerizable Vinyl 
Monomer 

Emulsifier 
Polymerization Initiator 

<Polymerization Condition> 

Crosslinking Carbodiimide Crosslinking Agent 
Agent 
Elongation for 2 Hours (%) 

Gel fraction (wt.%) 
Adhesion to Glass 

(Peel Adhesion 
N/25mm) 
Thermal Foaming 

Peel Rate 10 mm/min 

Reaction 
Component 

Aqueous 
Dispersion 
Type 
Copolymer 

Alkyl(meth)acrylate 
Ester 
(Meth)acrylic Acid 

Phosphoric Acid 
Group-Containing 
Vinyl Monomer 

Alkoxysilyl 
Group-Containing 
Vinyl Monomer 
Copolymerizable 
Vinyl Monomer 

Emulsifier 
Polymerization Initiator 

<Polymerization Condition> 

Crosslinking Carbodiimide Crosslinking Agent 
Agent 

23°C. (Room Temperature) 
90° C. 

Initial State 
60° C. x 40 h. 
60° C.90% RH x 40 
90° C. X SOO 

Butyl Acrylate 

Acrylic Acid 
Methacrylic Acid 
PAM-200 Blending 

Amount 
Expressed 
in Parts 
Phosphoric 
Acid Group 
Concentration 
Immol/g 

KBM-SO3 

Cyclohexyl methacrylate 

AQUALON HS-10 
Ammonium Persulfate** 

Polymerization Temperature 
(o C.)2 
CARBODILITE VO4 
CARBODILITEE-04 
23°C. (Room Temperature) 
90° C. 

Initial State 
60° C. x 40 h. 
60° C.90% RH x 40 
90° C. X SOO 

Butyl Acrylate 

Acrylic Acid 
Methacrylic Acid 
PAM-200 Blending 

Amount 
Expressed 
in Parts 
Phosphoric 
Acid Group 
Concentration 
Immol/g 

KBM-SO3 

Cyclohexyl methacrylate 

AQUALON HS-10 
Ammonium Persulfate** 

Polymerization Temperature 
(o C.)*2 
CARBODILITE VO4 
CARBODILITEE-04 

24 

50 30 
190 70 
843 85.2 
6.8 2.9 

11.O. 11.3 
4.0 3.5 
A. A. 

8O 
18O 
86.1 
9.4 

2O.S 
4.6 
A. 

8O 
1OO 
89.3 
8.1 

17.5 
S.1 
A. 

70 
170 
90.5 
3.5 

22.2 
9.6 
A. 

Examples Comparative Examples 

Ex. Ex. Ex. 
6 7 8 

88 88 88 

5 5 5 

2 2 2 

O.04 0.04 O.04 

O.O3 O.O3 O.O3 

5 5 5 

3 3 3 
0.01 0.01 0.01. 
O.O7 O.O7 O.O7 
65. 65. 65. 
75 75 75 
1 2 3 

50 30 30 
150 50 40 

92.1 91.9 
5.9 4.3 8.8 

22.8 16.5 17.3 
7.0 4.2 2.9 
A. A. A. 

91.7 

Ex. 
9 

O.04 

0.01 
O.O7 
65. 

60 
87.4 
8.1 

20.1 
4.8 
A. 

Ex. 
10 

O.04 

0.01. 
O.O7 
65. 

75 

O.S 
60 
1OO 
86.2 
8.5 

21.8 
S.6 
A. 

Examples Comparative Examples 

Ex. 
11 

88 

O.04 

0.01. 
O.O7 
65. 

75 

Comp. 
Ex. 
1 

88 

O.04 

Comp. 
Ex. 
2 

92 

O.04 

0.01. 
O.O7 
65. 

75 

Comp. 
Ex. 
3 

88 

O.04 

0.01. 
O.O7 
65. 

75 
O.OOOS 
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TABLE 1-continued 

Evaluation Elongation for 2 Hours (%) 23°C. (Room Temperature) 30 70 90 70 
of Physical 90° C. 40 380 500 550 
Properties Gel fraction (wt.%) 90.8 83.9 86.3 86.1 

Adhesion to Glass Peel Rate Initial State 6.8 4.7 9.8 6.2 
(Peel Adhesion 10 mm/min 60° C. x 40 h. 15.7 8.4 17.3 14.O 
N/25mm) 60° C.90% RH x 40 4.3 4.8 5.5 S.6 
Thermal Foaming 90° C. X SOO A. C C C 

Examples Comparative Examples 

Comp. Comp. Comp. 
Ex. Ex. Ex. 
5 6 4 

Blending Aqueous Reaction Alkyl(meth)acrylate Butyl Acrylate 88 88 88 
Formulation Dispersion Component Ester 
of Aqueous Type (Meth)acrylic Acid Acrylic Acid 5 5 5 
Dispersion Copolymer Methacrylic Acid 
Adhesive Phosphoric Acid PAM-2OO Blending 2 2 2 
Composition Group-Containing Amount 

Vinyl Monomer Expressed 
in Parts 
Phosphoric O.04 O.04 O.04 
Acid Group 
Concentration 
Immol/g 

Alkoxysilyl KBM-SO3 O.O3 O.O3 O.O3 
Group-Containing 
Vinyl Monomer 
Copolymerizable Cyclohexyl methacrylate 5 5 5 
Vinyl Monomer 

Emulsifier AQUALON HS-10 3 3 3 
Polymerization Initiator Ammonium Persulfate' 0.01 0.01. 0.01 

O.O7 O.O7 O.O7 
<Polymerization Condition> Polymerization Temperature 65. 65. 65. 

(C.)*2 75 75 75 
Crosslinking Carbodiimide Crosslinking Agent CARBODILITEV-04 O.OO1 O.OS 5 
Agent CARBODILITEE-04 

Evaluation Elongation for 2 Hours (%) 23°C. (Room Temperature) 8O 60 2O 
of Physical 90° C. S4O 550 40 
Properties Gel fraction (wt.%) 85.5 86.2 93.0 

Adhesion to Glass Peel Rate Initial State 7.3 9.5 6.6 
(Peel Adhesion 10 mm/min 60° C. x 40 h. 16.5 12.5 14.3 
N/25mm) 60° C.90% RH x 40 3.9 6.O 1.7 
Thermal Foaming 90° C. X SOOh C C A. 

'Blending Amount Expressed in Parts of Ammonium Persulfate Under Collective Polymerization Blending Amount in Parts of Ammonium Persulfate Under Dropping Polymerization 
Polymerization Temperature Under Collective Polymerization Polymerization Temperature After Nitrogen Gas Replacement Under Dropping Polymerization 

The abbreviations in Table 1 are shown below. 
PAM-200: Sipomer PAM-200 (mono-poly(propylene 

oxide)methacrylatelphosphate ester (average polymerization 
degree of propylene oxide: about 5.0), manufactured by 
Rhodia Nicca, Ltd.) 
KBM-503: 3-methacryloyloxypropyl-trimethoxysilane 

(manufactured by SHIN-ETSU CHEMICAL CO.,LTD.) 
HS-10: Reactive emulsifier AQUALON HS-10 (Dai-Ichi 

Kogyo Seiyaku Co., Ltd.) 
V-04: Carbodiimide crosslinking agent (CARBODILITE 

V-04, water-soluble type, manufactured by NISSHINBO 
INDUSTRIES, INC) 

E-04: Carbodiimide crosslinking agent (CARBODILITE 
E-04, emulsion type, manufactured by NISSHINBOINDUS 
TRIES, INC.) 

Example 12 

Preparation of Monomer Preemulsion 
In a vessel, 88 parts of butyl acrylate, 5 parts of acrylic acid, 

5 parts of cyclohexyl methacrylate, 2 parts of monopoly 
(propylene oxide)methacrylate phosphate ester (average 
polymerization degree of propylene oxide: about 5.0, 
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Sipomer PAM-200, manufactured by Rhodia Nicca, Ltd.) and 
0.03 parts of 3-methacryloyloxypropyl-trimethoxysilane 
(KBM-503, manufactured by SHIN-ETSU CHEMICAL 
CO.,LTD.) were charged and mixed to prepare a mixture of 
the reaction components. Subsequently, to 388 g of the reac 
tion components thus prepared, 46.6 g of the reactive emul 
sifier AQUALON HS-10 (Dai-Ichi Kogyo Seiyaku Co., Ltd.) 
and 109 g of ion-exchange water were added, and the mixture 
was forcibly emulsified with stirring at 5000 (1/min) for 5 
minutes using a homogenizer (manufactured by Tokusyu 
Kika Kogyo Co., Ltd.) to prepare a monomer preemulsion. 
Preparation of Emulsion of Aqueous Dispersion Copolymer 

In a reaction vessel equipped with a condenser tube, a 
nitrogen introducing tube, athermometer and a stirrer, 54 g of 
the resulting monomer preemulsion and 456 g of ion-ex 
change water were charged, and Subsequently, the atmo 
sphere in the reaction vessel was replaced by nitrogen. There 
after, 0.3 g of ammonium persulfate was added thereto, and 
the added mixture was polymerized at 65° C. for 2.5 hours. 
Then, 489.6 g of the residual monomer preemulsion was 
added dropwise in the reaction vessel over 3 hours, and there 
after, polymerization was conducted for 3 hours. Then, while 
the atmosphere was replaced with nitrogen, the polymeriza 
tion was further conducted at 75° C. for 3 hours to obtain an 



US 7,858,709 B2 
27 

emulsion (aqueous dispersion) of an aqueous dispersion 
copolymer having a Solid content of 40%. 
Preparation of Aqueous Dispersion Adhesive Composition 

After the emulsion thus obtained was cooled to room tem 
perature, the pH was adjusted to 8 by adding 10% aqueous 
ammonia, and further, 0.1 parts of an oxazoline crosslinking 
agent (EPOCROS WS-700, oxazoline group-containing 
acrylic polymer, water-soluble type, manufactured by NIP 
PON SHOKUBAI Co., Ltd.) was added to 100 parts of the 
Solid content of the emulsion (aqueous dispersion copolymer) 
to prepare an aqueous dispersion adhesive composition. 

Production of Adhesive Optical Film 
The aqueous dispersion adhesive composition thus pre 

pared was coated onto a release sheet made of polyester film 
which was treated with a release agent, and the coating was 
heated to dry at 100° C. for 2 minutes to form a 23 um-thick 
adhesive layer. 
A polarizing film previously Subjected to an undercoating 

treatment was prepared. For the undercoating treatment, an 
undercoating solution was first prepared by diluting an 
oxazoline group-containing acrylic polymer (EPOCROS 
WS-700, manufactured by NIPPON SHOKUBAI Co., Ltd.) 
with a mixed solvent of water and ethanol (weight ratio: 1:1) 
so as to adjust the solid content to 2% by weight. Then, the 
undercoating solution was applied onto one side of the polar 
izing film using a wire bar #5, and the applied coating was 
heated to dry at 40°C. for 2 minutes to prepare an under coat 
layer. 
The above polarizing film was produced by stretching a 

polyvinyl alcohol film in an aqueous iodine solution, drying 
the polyvinyl alcohol film, and thereafter, bonding a triacetyl 
cellulose film as a transparent protective film to both sides of 
the polarizer. 

Subsequently, the polarizing film was laminated on a phase 
difference film (NAZ-#195-0.3, manufactured by Nitto 
Denko Corporation) so that a surface which is not provided 
with the under coat layer, and the phase difference film are 
stuck to each other. Thus, an optical film on which the polar 
izing film provided with the under coat layer, and the phase 
difference film were laminated was produced. 

Then, the adhesive layer was laminated on the under coat 
layer of the optical film to produce an adhesive optical film 
(cf. FIG. 2). 

Example 13 

In the same manner as in Example 12, except that 0.3 parts 
of the oxazoline crosslinking agent (EPOCROS WS-700, 
manufactured by NIPPON SHOKUBAI Co., Ltd.) was added 
in place of 0.1 parts of the oxazoline crosslinking agent (EP 
OCROS WS-700, manufactured by NIPPON SHOKUBAI 
Co., Ltd.) in the preparation of the aqueous dispersion adhe 
sive composition in Example 12, an aqueous dispersion adhe 
sive composition was prepared and an adhesive optical film 
was then produced. 

Example 14 

In the same manner as in Example 12, except that 1 part of 
the oxazoline crosslinking agent (EPOCROS WS-700, manu 
factured by NIPPON SHOKUBAI Co., Ltd.) was added in 
place of 0.1 parts of the oxazoline crosslinking agent (EP 
OCROS WS-700, manufactured by NIPPON SHOKUBAI 
Co., Ltd.) in the preparation of the aqueous dispersion adhe 
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28 
sive composition in Example 12, an aqueous dispersion adhe 
sive composition was prepared and an adhesive optical film 
was then produced. 

Comparative Example 7 

In the same manner as in Example 12, except that 0.001 
parts of the oxazoline crosslinking agent (EPOCROS 
WS-700, manufactured by NIPPON SHOKUBAI Co., Ltd.) 
was added in place of 0.1 parts of the oxazoline crosslinking 
agent (EPOCROS WS-700, manufactured by NIPPON 
SHOKUBAI Co., Ltd.) in the preparation of the aqueous 
dispersion adhesive composition in Example 12, an aqueous 
dispersion adhesive composition was prepared and an adhe 
sive optical film was then produced. 

Comparative Example 8 

In the same manner as in Example 12, except that 0.05 parts 
of the oxazoline crosslinking agent (EPOCROS WS-700, 
manufactured by NIPPON SHOKUBAI Co., Ltd.) was added 
in place of 0.1 parts of the oxazoline crosslinking agent (EP 
OCROS WS-700, manufactured by NIPPON SHOKUBAI 
Co., Ltd.) in the preparation of the aqueous dispersion adhe 
sive composition in Example 12, an aqueous dispersion adhe 
sive composition was prepared and an adhesive optical film 
was then produced. 

Comparative Example 9 

In the same manner as in Example 12, except that 2 parts of 
the oxazoline crosslinking agent (EPOCROS WS-700, manu 
factured by NIPPON SHOKUBAI Co., Ltd.) was added in 
place of 0.1 parts of the oxazoline crosslinking agent (EP 
OCROS WS-700, manufactured by NIPPON SHOKUBAI 
Co., Ltd.) in the preparation of the aqueous dispersion adhe 
sive composition in Example 12, an aqueous dispersion adhe 
sive composition was prepared and an adhesive optical film 
was then produced. 

Comparative Example 10 

In the same manner as in Example 12, except that the 
oxazoline crosslinking agent was not added in the preparation 
of the aqueous dispersion adhesive composition in Example 
12, an aqueous dispersion adhesive composition was pre 
pared and an adhesive optical film was then produced. 
Evaluation 

5) Elongation of Adhesive Layer 
As for each of the aqueous dispersion adhesive composi 

tions in Examples 12 to 14 and Comparative Examples 7 to 
10, the elongation for 2 hours at 23°C. and the elongation for 
2 hours at 90° C. were calculated in the same manner as 
described above. The results are shown in Table 2. 

6) Gel fraction 
The gel fraction of each of the aqueous dispersion adhesive 

compositions in Examples 12 to 14 and Comparative 
Examples 7 to 10 was calculated in the same manner as 
described above. The results are shown in Table 2. 

7) Adhesion to Glass 
As for each of the adhesive optical films obtained by 

Examples 12 to 14 and Comparative Examples 7 to 10,90° 
peel adhesion (peel rate: 10 mm/min) was measured in the 
same manner as described above. The result is shown in 
Table 2. 
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8) Thermal Foaming of Adhesive Optical Film 
The presence or absence of foaming of each of the adhesive 

optical films in Examples 12 to 14 and Comparative 
Examples 7 to 10 was observed in the same manner as 
described above. 

30 
an elongation at 90° C. based on the following test of an 

adhesive layer made of the aqueous dispersion adhesive 
composition is 200% or less, 

wherein the test comprises Subjecting the aqueous disper 
sion adhesive composition to heating to prepare an adhe 

TABLE 2 

Examples/Comparative Examples 

Ex. Ex. Ex. Comp. Comp. Comp. Comp. 
12 13 14 Ex. 7 Ex. 8 Ex. 9 Ex. 10 

Blending Aqueous Reaction Alkyl(meth)acrylate Butyl Acrylate 88 
Formulation Dispersion Component Ester 
of Aqueous Type (Meth)acrylic Acid Acrylic Acid 5 
Dispersion Copolymer Copolymerizable Vinyl Cyclohexyl 5 
Adhesive Monomer methacrylate 
Composition Phosphoric Acid PAM-200 2 

Group-Containing 
Vinyl Monomer 
Alkoxysilyl KBM-SO3 O.O3 
Group-Containing 
Vinyl Monomer 

Crosslinking Oxazoline Crosslinking Agent EPOCROS O.1 O.3 1 O.OO1 O.OS 2 
Agent WS-700 

Evaluation Elongation for 2 Hours (%) 23° C. (Room 8O 40 40 70 70 30 90 
of Physical Temperature) 
Properties 90° C. 130 50 50 550 220 40 500 

Gel Fraction (wt.%) 89.8 91.5 93.S 87.5 86.3 95.0 86.3 
Adhesion to Glass Peel Rate Initial State 9.0 8.8 4.6 5.5 7.7 2.7 9.8 
(Peel Adhesion 10 mm/min 60° C. x 13.8 15.8 11.5 19.4 16.6 5.9 17.3 
N/25mm) 40 hours 

60° C., 3.4 16 1.O S.1 4.9 O.S 5.5 
90% RH x 40 
hours 

Thermal Foaming 90° C. x A. A. A. C B A. C 
500 hours 

35 
The abbreviations in Table 2 are shown below. 
PAM-200: Sipomer PAM-200 (mono-poly(propylene 

oxide)methacrylatelphosphate ester (average polymerization 
degree of propylene oxide: about 5.0), manufactured by 
Rhodia Nicca, Ltd.) 
KBM-503: 3-methacryloyloxypropyl-trimethoxysilane 

(manufactured by SHIN-ETSU CHEMICAL CO.,LTD.) 
EPOCROS WS-700: Oxazoline group-containing acrylic 

polymer (water-soluble type, solid content: 25%, main chain: 
acrylic, pH 7 to 9, oxazoline value: 220g Solid/eq., manufac 
tured by NIPPON SHOKUBAI Co., Ltd.) 

While the illustrative embodiments of the present inven 
tion are provided in the above description, such is for illus 
trative purpose only and it is not to be construed limitative. 
Modification and variation of the present invention that will 
be obvious to those skilled in the art is to be covered by the 
following claims. 

What is claimed is: 
1. An aqueous dispersion adhesive composition compris 

1ng: 
an aqueous dispersion copolymer obtained by reacting of a 

reaction component comprising alkyl (meth)acrylate 
whose linear or branched alkyl group has 4 to 18 carbon 
atoms, (meth)acrylic acid, a phosphoric acid group-con 
taining vinyl monomer and an alkoxysilyl group-con 
taining vinyl monomer, and 

a crosslinking agent having reactivity with a carboxyl 
grOup, 

wherein an amount of the crosslinking agentis from 0.07 to 
4 parts by weight per 100 parts by weight of the aqueous 
dispersion copolymer, and 
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sive layer, and the adhesive layer thus prepared is formed 
into a cylindrical column shape having a cross section of 
4.6 mm and a length of 30 mm to prepare a test piece, 
subsequently, the test piece is allowed to stand at 90° C. 
for 1 hour, and thereafter, an initial length Lo of the test 
piece is measured, then, the test piece with one end fixed 
and the other end attached a 12 g-weight, is hung down 
vertically at 90° C. for 2 hours, and a length L (mm) of 
the test piece after the 2-hour hanging is measured, and 
the elongation is calculated by the following equation: 
Elongation (%)=(L1-Lo), Lox100. 

2. The aqueous dispersion adhesive composition according 
to claim 1, wherein the crosslinking agent is a compound 
having a carbodiimide group. 

3. The aqueous dispersion adhesive composition according 
to claim 1, wherein 

the crosslinking agent is an oxazoline group-containing 
crosslinking agent and 

the amount of the crosslinking agent is from 0.07 to 1.5 
parts by weight per 100 parts by weight of the aqueous 
dispersion copolymer. 

4. The aqueous dispersion adhesive composition according 
to claim 1, wherein the aqueous dispersion adhesive compo 
sition has a gel fraction of from 80 to 95% by weight when 
being immersed in ethyl acetate. 

5. An adhesive film comprising an adhesive layer made of 
an aqueous dispersion adhesive composition, 

the aqueous dispersion adhesive composition comprising: 
an aqueous dispersion copolymer obtained by reacting 

of a reaction component comprising alkyl (meth) 
acrylate whose linear or branched alkyl group has 4 to 
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18 carbon atoms, (meth)acrylic acid, a phosphoric piece is measured, then, the test piece with one end fixed 
acid group-containing vinyl monomer and an alkox- and the other end attached a 12 g-weight, is hung down 
ysilyl group-containing vinyl monomer, and vertically at 90° C. for 2 hours, and a length L (mm) of 

a crosslinking agent having reactivity with a carboxyl the test piece after the 2-hour hanging is measured, and 
grOup, 5 the elongation is calculated by the following equation: 

wherein an amount of the crosslinking agentis from 0.07 to Elongation (%)=(L1-Lo), Lox100. 
4 parts by weight per 100 parts by weight of the aqueous 
dispersion copolymer, and 

an elongation at 90° C. based on the following test of the 

6. The adhesive film according to claim 5, wherein the 
crosslinking agent is a compound having a carbodiimide 
Ol. 

adhesive layer is 200% or less, 10 9 "the adhesive film according to claim 5, wherein 
wherein the test comprises Subjecting the aqueous disper- the crosslinking agent is an oxazoline group-containing 

sionadhesive composition to heating to prepare an adhe- crosslinking agent and 
sive layer, and the adhesive layer thus prepared is formed the amount of the crosslinking agent is from 0.07 to 1.5 
into a cylindrical column shapehaving a cross section of parts by weight per 100 parts by weight of the aqueous 
4.6 mm and a length of 30 mm to prepare a test piece, dispersion copolymer. 
subsequently, the test piece is allowed to stand at 90° C. 
for 1 hour, and thereafter, an initial length Lo of the test k . . . . 
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